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(54) Thermoplastic polymer composition 

(57) The invention relates to a thermoplastic poly- 
mer composition comprising 100 parts by weight of a 
block copolymer and/or its hydrogenate having polymer 
blocks of an aromatic vinyl compound and polymer 
blocks of a conjugated diene compound, and from 5 to 
95 parts by weight of a block copolymer having polymer 
blocks of an aromatic vinyl compound and/or an olefinic 
compound and polymer blocks having a constitutional 
unit derived from a (meth)acrylic compound; to a lami- 
nate comprising a layer of the composition and a layer 
of some other material; and to a hot-melt adhesive com- 
prising the composition. As having good melt adhesive- 
ness, the composition of the invention can firmly adhere 
in melt to various polar or non-polar materials. Using the 
composition, it is easy to produce laminates comprising 
a layer of the composition and a layer of some other 
material, through melt shaping or any other melt adhe- 
sion techniques. Since the composition of the invention 
is satisfactorily elastic and flexible, the laminates having 
a layer of the composition on their surface are flexible 
and elastic and have a good feel, and, in addition, they 
are highly safe because of their shock absorbability and 
cushionability. 
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Description 

The present invention relates to a thermoplastic polymer composition with good melt adhesiveness, to a laminate 
comprising a layer of the composition and a layer of some other material, and to a hot-melt adhesive comprising the 

5 composition. More precisely, the invention relates to such a thermoplastic polymer composition with high flexibility, high 
elasticity and good mechanical properties, of which the hot melt firmly adheres to various materials to give smoothly 
and in a simplified manner, laminates comprising a layer of the composition and a layer of some other material through 
hot-melt adhesion therebetween, to a laminate comprising a layer of the composition and a layer of some other mate- 
rial, and to a hot-melt adhesive comprising the composition. 

io Recently, block copolymers comprising styrenic polymer blocks and dienic polymer blocks (hereinafter referred to 
as "styrene-diene block copolymers") and their hydrogenates have been widely used in various fields as one type of so- 
called thermoplastic elastomers, as having rubber elasticity at room temperature while being plasticized and melted 
under heat to give shaped articles with ease and as having well-balanced flexibility and mechanical properties. 

As one typical example of their applications, mentioned are laminates comprising a layer of such a styrene-diene 

is block copolymer and/or its hydrogenate, and a layer of hard resin and/or metal. Recently, those laminates have been 
widely noticed as high value-added products, since they have a good feel, shock absorbability (cushionability) and dam- 
age-resisting functions because of the flexibility and the elasticity of the layer of the styrene-diene block copolymer 
and/or its hydrogenate while the layer of hard resin and/or metal has shape-retaining functions, reinforcing ability and 
fixing functions. Using them, various products have been developed and tried, which include, for example, various parts 

20 of cars and trains such as instrument panels, center console boxes, door trims, pillars and assist grips; various con- 
struction materials such as doors and window frames; various parts of electric appliances such as switches and grips; 
plaster casts for medical use, etc. 

However, as being poorly polar, styrene-diene block copolymers and their hydrogenates can be melt-adhered to or 
melt-integrated with poorly-polar plastics which are similar to them in kind, but are difficult to melt-adhere to highly-polar 

25 plastics and metals. Accordingly, where they are laminated with highly-polar materials to give composites, employed 
are mechanical coupling methods in which both a layer (part) of the styrene-diene block copolymer and/or its hydrogen- 
ate and a layer (part) of plastic and/or metal are formed to have engaging means capable of being coupled together, 
and they are coupled together at their engaging means, or the two layers (parts) as formed to have no such engaging 
means are bonded together with some different bonding means, or chemical bonding methods of using adhesives. 

so However, the former methods where the two layers (parts) are formed to have couplable engaging means are prob- 
lematic in that molds with complicated structure are necessary for forming those means and the formation of such 
molds takes a lot of time while requiring much labor to thereby increase the production costs, and that the coupling of 
the two engaging means requires complicated operations. 

The latter methods of using adhesives are also problematic in that they require complicated steps of previously pre- 

35 paring the two layers (parts) followed by bonding them later on, that poorly-bonded composites are often produced, and 
that organic solvents to be in adhesives often have bad influences on the working environment and even on the global 
environment. 

Given that situation, various techniques for improving the hot-melt adhesiveness of those thermoplastic elastomers 
of styrene-diene block copolymers and/or their hydrogenates have heretofore been proposed. As the prior art, for exam- 
40 pie, known are ® compositions with hot-melt adhesiveness comprising a styrene-diene block copolymer or its hydro- 
genate and a thermoplastic polyurethane elastomer (see J P-A-6- 107898), @ thermoplastic elastomer compositions 
comprising a thermoplastic elastomer except thermoplastic polyester elastomers and a thermoplastic polyester elas- 
tomer (see J P-A-3- 100045), and © olefinic elastomer compositions comprising at least one thermoplastic elastomer 
selected from hydrogenated styrene-diene block copolymers and ethylene/a -olefin copolymers, and an ethylene-alkyl 
45 (meth)acrylate random copolymer (see JP-A-7-1 3841 8). 

However, the prior art of ® is problematic in that the compositions could not have good adhesion strength, depend- 
ing on the type of the materials to be laminated with the compositions, and that the resulting laminates (composites) do 
not always last long. In addition, since the melt dispersion of the styrene-diene block copolymer or its hydrogenate and 
the thermoplastic polyurethane elastomer is poor, the compositions comprising those two components are often blends 
so of the two components as poorly dispersed to have large grain sizes and therefore the shaped articles of the composi- 
tions could not have good mechanical properties. 

The prior art of @ is also problematic in that the compositions could not have good adhesion strength, depending 
on the type of the materials to be laminated with the compositions, and that the resulting laminates (composites) do not 
always last long. In addition, the shaped articles of the compositions are poorly released from the molds and the dies 
55 used in melt-molding them, for example, through injection molding, and the producibility of the articles is poor. 

The prior art of ® and @ is further problematic in that the compositions have poor weather resistance. Therefore, 
the laminates comprising them could not be used in the open air, and their applications are limited. 

The prior art of ® is still problematic in that the miscibility of the thermoplastic elastomer and the ethylene-alkyl 
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(meth)acrylate random copolymer is poor. Therefore, the compositions comprising those two components are often 
blends of the two components as poorly dispersed to have large grain sizes, and the shaped articles of the composi- 
tions often have poor mechanical properties. In addition, when the compositions are melt-molded to give shaped arti- 
cles, for example, through injection molding, the dispersed phases of the compositions will be further thickened due to 
5 the shearing force applied thereto during melt-kneading them, whereby the mechanical properties of the shaped arti- 
cles are much more worsened. 

One object of the present invention is to provide a thermoplastic polymer composition comprising, as the essential 
component, a thermoplastic elastic polymer component that comprises a block copolymer having polymer blocks con- 
sisting essentially of an aromatic vinyl compound and polymer blocks consisting essentially of a conjugated diene com- 
10 pound, and/or a hydrogenate of the block copolymer. For example, the thermoplastic elastic polymer component of the 
composition comprises a styrene-diene block copolymer and/or its hydrogenate. The composition of the invention has 
good melt adhesiveness to be able to firmly and easily adhere in melt to various materials, without interfering with the 
intrinsic properties of the block copolymer constituting it, such as the intrinsic elasticity, flexibility and mechanical prop- 
erties of the block copolymer. 

75 Another object of the invention is to provide a laminate comprising a layer of the thermoplastic polymer composition 
and a layer of some other material. 

Still another object of the invention is to provide a hot-melt adhesive with good melt adhesiveness, comprising, as 
the essential component, a thermoplastic elastic polymer component that comprises a block copolymer having polymer 
blocks consisting essentially of an aromatic vinyl compound and polymer blocks consisting essentially of a conjugated 

20 diene compound, and/or a hydrogenate of the block copolymer. 

These objects have been achieved by the surprising finding that, when a thermoplastic elastic polymer component 
which comprises a block copolymer having polymer blocks consisting essentially of an aromatic vinyl compound and 
polymer blocks consisting essentially of a conjugated diene compound, and/or a hydrogenate of the block copolymer is 
blended with a specific block copolymer having polymer blocks consisting essentially of at least one compound selected 

25 from aromatic vinyl compounds and olefinic compounds, and polymer blocks having a structural unit derived from at 
least one of (meth)acrylic compounds, in a specific ratio, then an elastic, thermoplastic polymer composition capable of 
firmly adhering in melt to various polar or non-polar materials irrespective of the degree of the polarity, if any, of the 
materials can be obtained. 

In addition, we have also found that the addition of an olefinic polymer and/or a processed oil to the thermoplastic 
30 polymer composition improves the shapability of the composition and improves the melt adhesiveness of the composi- 
tion. 

We have further found that a laminate as produced through hot melt adhesion of the thermoplastic polymer com- 
position to some other material has high adhesion strength (peeling strength), and that, while it is used or after it has 
been stored long, no interlayer peeling occurs in the laminate. 
35 We have still further found that the thermoplastic polymer composition is effectively used as a hot-melt adhesive for 
adhering various materials to each other. The hot-melt adhesive comprising the thermoplastic polymer composition is 
elastic, flexible and shock-absorbable (cushionable) by itself. On the basis of these findings, we have completed the 
present invention. 

Specifically, the invention provides a thermoplastic polymer composition comprising; 

40 

(1) 100 parts by weight of at least one thermoplastic elastic polymer (I) selected from block copolymers having pol- 
ymer blocks (A) consisting essentially of an aromatic vinyl compound and polymer blocks (B) consisting essentially 
of a conjugated diene compound, and their hydrogenates, and 

(2) from 5 to 95 parts by weight of a block copolymer (II) having polymer blocks (C) consisting essentially of at least 
45 one compound selected from aromatic vinyl compounds and olefinic compounds, and polymer blocks (D) having a 

constitutional unit derived from at least one of (meth)acrylic compounds. 

The invention also provides a thermoplastic polymer composition comprising; 

50 (i) 

(1) at least one thermoplastic elastic polymer (I) selected from block copolymers having polymer blocks (A) 
consisting essentially of an aromatic vinyl compound and polymer blocks (B) consisting essentially of a conju- 
gated diene compound, and their hydrogenates, 
55 (2) a block copolymer (II) having polymer blocks (C) consisting essentially of at least one compound selected 

from aromatic vinyl compounds and olefinic compounds, and polymer blocks (D) having a constitutional unit 
derived from at least one of (meth)acrylic compounds, and 

(3) at least one of olefinic polymers and process oils; the composition (i) being characterized in that; 
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(ii) it contains from 5 to 95 parts by weight of the block copolymer (II), relative to 100 parts by weight of the total of 
the thermoplastic elastic polymer (I) and at least one selected from olefinic polymers and process oils, and 

(iii) it contains from 10 to 500 parts by weight of at least one of olefinic polymers and process oils, relative to 100 
parts by weight of the thermoplastic elastic polymer (I). 

5 

The invention further provides a laminate comprising a layer of the thermoplastic polymer composition mentioned 
above and a layer of some other material. 

The invention still further provides a hot-melt adhesive comprising the thermoplastic polymer composition men- 
tioned above. 

10 As having good melt adhesiveness, the thermoplastic polymer composition of the invention can firmly adhere in 
melt to various polar or non-polar materials irrespective of the degree of the polarity, if any, of the materials. Using the 
composition, therefore, it is easy to produce, in a simplified manner, laminates comprising a layer of the composition 
and a layer of some other material, through melt shaping or any other melt adhesion techniques. 

Moreover, the thermoplastic polymer composition of the invention is satisfactorily elastic and flexible. Therefore, 
is laminates at least partly having a layer of the composition on their surface are flexible and elastic and have a good feel, 
and, in addition, they are highly safe because of their shock absorbability and cushionability. 

As having excellent characteristics such as those mentioned above, the laminate of the invention which comprises 
a layer of the thermoplastic polymer composition and a layer of some other material is effectively used in various prod- 
ucts of many applications, for example, in various parts of cars and trains such as instrument panels, center console 
20 boxes, door trims, pillars and assist grips; various construction materials such as doors and window frames; various 
parts of electric appliances such as switches and grips; plaster casts for medical use, etc. 

In addition, as having high elasticity and flexibility, good mechanical properties, and good shapability and workabil- 
ity, the thermoplastic polymer composition of the invention is effectively used by itself in producing various shaped arti- 
cles. 

25 The hot-melt adhesive of the invention is characterized in that it can firmly adhere in melt to various polar or non- 
polar materials irrespective of the degree of the polarity, if any, of the materials. Because of its good hot-sealability, the 
adhesive can be used in hot-sealing various materials. In addition, the adhesive layer comprising the adhesive of the 
invention is elastic and flexible, and therefore functions as a layer capable of absorbing shock and stress. Accordingly, 
the adhesive layer can well absorb any external shock or stress applied thereto, or can well follow any external move- 

30 ment, without being broken. Thus having such a flexible and elastic structure, the adhesive layer can maintain its good 
adhesiveness. 

The thermoplastic polymer composition of the invention, which comprises the thermoplastic elastic polymer (I) and 
the block copolymer (II) and additionally contains at least one of polyolefins and process oils, has much better shapa- 
bility and workability and has much better melt adhesiveness to various materials. 
35 Now, the invention is described in detail. 

The thermoplastic elastic polymer (I) to be in the thermoplastic polymer composition of the invention comprises at 
least one selected from block copolymers having polymer blocks (A) consisting essentially of an aromatic vinyl com- 
pound (hereinafter referred to as "aromatic vinyl polymer blocks (A)") and polymer blocks (B) consisting essentially of a 
conjugated diene compound (hereinafter referred to as "conjugated diene polymer blocks (B)"), and hydrogenates of 
40 those block copolymers. 

The aromatic vinyl compound constituting the aromatic vinyl polymer blocks (A) in the thermoplastic elastic polymer 
(I) includes, for example, various vinyl aromatic compounds such as styrene, ct-methylstyrene, p-methylstyrene. o- 
methylstyrene, m-methylstyrene, p-methylstyrene, t-butylstyrene, 2,4,6-trimethylstyrene, monofluorostyrene, difluoros- 
tyrene, monochlorostyrene, dichlorostyrene, methoxystyrene, 1,3-vinylnaphthalene, vinylanthracene, indene, and ace- 
45 tonaphthylene. The aromatic vinyl polymer block (A) may have either a structural unit comprising one of those aromatic 
vinyl compounds, or a structural unit comprising two or more of them. Preferably, the aromatic vinyl polymer block (A) 
consists essentially of a structural unit derived from styrene. 

The aromatic vinyl polymer block (A) may contain a minor amount of a structural unit of any other comonomer, in 
addition to the essential structural unit of an aromatic vinyl compound such as that mentioned hereinabove. The amount 
so of the structural unit of any other comonomer, if in the block (A), is preferably not larger than 30 % by weight, more pref- 
erably not larger than 10 % by weight of the block (A). 

The comonomer includes, for example, ion-polymerizing monomers such as 1-butene, pentene, hexene, butadi- 
ene, isoprene, methylvinyl ether, etc. 

The conjugated diene compound constituting the conjugated diene polymer block (B) to be in the thermoplastic 
55 elastic polymer (I) includes, for example, isoprene, butadiene, hexadiene, 2,3-dimethyl-l,3-butadiene, 1 ,3-pentadiene, 
etc. The conjugated diene polymer block (B) may comprise either one or more of those conjugated diene compounds. 
Preferably, the block (B) comprises either one or both of isoprene and butadiene. 

The bonding mode of the conjugated diene compounds to constitute the conjugated diene polymer block (B) is not 
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specifically defined. For example, for butadiene, it may be polymerized at 1,2-bond and/or 1,4-bond to give a polymer 
block For isoprene, it may be polymerized at 1 ,2-bond, 3,4-bond and/or 1 ,4-bond to give a polymer block. Any of those 
bonding modes is applicable to the polymerization of the conjugated diene compounds to give the block (B). 

Where the conjugated diene polymer block (B) comprises isoprene or comprises isoprene and butadiene, it is pref- 
5 erable that the total of the 3,4-bonds and the 1 ,2-bonds of the monomers constituting the block (B) is from 1 to 95 mol%. 
Where the conjugated diene polymer block (B) has a constitutional unit derived from two or more different conju- 
gated diene compounds, the bonding mode of those monomers constituting the unit may be in any of randomized, 
tapered or partly blocked forms, or even a combination of two or more of those forms. 

The bonding mode between the aromatic vinyl polymer block (A) and the conjugated diene polymer block (B) con- 
to stituting the thermoplastic elastic polymer (I) is not also specifically defined. It may be in any of linear, branched or radial 
forms, or even a combination of two or more of those forms, but is preferably a linear bonding mode. 

As examples of the thermoplastic elastic polymer (I) having such linear bonding modes, mentioned are di-block 
copolymers of A-B, tri-block copolymers of A-B-A or B-A-B, tetra-block copolymers of A-B-A-B or B-A-B-A, and poly- 
block copolymers comprising five or more of A and B as bonded to each other in a linear bonding form, in which A indi- 
15 cates the aromatic vinyl polymer block (A) and B indicates the conjugated diene polymer block (B). 

Of those, preferred are tri-block copolymers of A-B-A for the thermoplastic elastic polymer (I), as being satisfactorily 
elastic and having good mechanical properties and good melt adhesiveness. 

Preferably, the unsaturated double bonds in the conjugated diene polymer blocks (B) constituting the thermoplastic 
elastic polymer (I) are partly or completely hydrogenated, since the thus-hydrogenated polymer (I) has good heat resist - 
20 ance and weather resistance. In the hydrogenated polymer (I), the degree of hydrogenation of the conjugated diene pol- 
ymer blocks (B) is preferably not smaller than 50 mol%, more preferably not smaller than 60 mol%, even more 
preferably not smaller than 70 mol%. 

In the thermoplastic elastic polymer (I), it is preferable that the proportion of the constitutional units derived from 
aromatic vinyl compounds to the total weight of the non-hydrogenated polymer (I) is from 5 to 75 % by weight, more 
25 preferably from 5 to 45 % by weight in view of the elasticity, flexibility and mechanical properties of the polymer (I). 

The molecular weight of the aromatic vinyl polymer block (A) and that of the conjugated diene polymer block (B) 
constituting the thermoplastic elastic polymer (I) are not specifically defined. Preferably, however, in the polymer (I) not 
hydrogenated, the number-average molecular weight of the aromatic vinyl polymer block (A) falls between 500 and 
100,000, and that of the conjugated diene polymer block (B) falls between 2,500 and 400,000. 
30 Also preferably, the number-average molecular weight of the thermoplastic elastic polymer (I) not hydrogenated 
falls between 3,000 and 500,000, in view of the mechanical properties and the shapability and workability of the poly- 
mer (I). 

The number-average molecular weight as referred to herein is obtained on the basis of the calibration curve of 
standard polystyrene through gel permeation chromatography (GPC). 

35 As the case may be, the thermoplastic elastic polymer (I) may have one or more polar groups such as hydroxyl 
groups, carboxyl groups, epoxy groups and halide groups, at its molecular chain terminals and/or in its molecular chain. 

Methods for producing the thermoplastic elastic polymer (I) are not specifically defined, and the polymer (I) can be 
produced in any known conventional methods. For example, it may be produced through any of ionic polymerization 
such as anionic polymerization or cationic polymerization, single-site polymerization or radical polymerization. 

40 In anionic polymerization to obtain the polymer (I), for example, an aromatic vinyl compound and a conjugated 
diene compound are successively polymerized in an inert organic solvent such as n-hexane or cyclohexane, using an 
alky! lithium compound as the polymerization initiator, to give a block copolymer having a desired molecular structure 
and a desired molecular weight, to which is added ethylene oxide or propylene oxide, and thereafter an active hydrogen 
compound, which may be selected from, for example, alcohols, carboxylic acids and water, is added to the reaction sys- 

45 tern to terminate the polymerization. 

Preferably, the block copolymer as obtained in the manner mentioned above is hydrogenated in an inert organic 
solvent in the presence of a hydrogenation catalyst, according to a known method, to obtain a hydrogenated, thermo- 
plastic elastic polymer (I). 

The block copolymer (II) to be in the thermoplastic polymer composition of the invention has polymer blocks (C) 
so consisting essentially of at least one compound selected from aromatic vinyl compounds and olefinic compounds, and 
polymer blocks (D) having a constitutional unit derived from at least one of (meth)acrylic compounds. 

The polymer block (C) constituting the block copolymer (II) may be composed of an aromatic vinyl compound alone, 
or an olefinic compound alone, or both an aromatic vinyl compound and an olefinic compound, or at least one of an aro- 
matic compound and an olefinic compound as combined with a minor amount of any other comonomers. It is desirable 
55 that the polymer block (C) consists essentially of an olefinic compound, since the thermoplastic polymer composition 
comprising such block copolymer (II) has better melt adhesiveness. 

Where the polymer block (C) comprises two or more monomers of an aromatic vinyl compound and an olefinic 
compound, the bonding mode of those monomers may be in any of randomized, tapered or partly blocked forms or even 
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in a combination of those forms. 

The aromatic vinyl compound capable of constituting the polymer block (C) includes, for example, various vinyl aro- 
matic compounds such as styrene, a-methylstyrene, p-methylstyrene, o-methylstyrene, m-methylstyrene, p-methylsty- 
rene, t-butylstyrene, 2,4,6-trimethylstyrene, monofluorostyrene, difluorostyrene, monochlorostyrene, dichlorostyrene, 
s methoxystyrene, 1 ,3-vinylnaphthalene, vinylanthracene, indene, and acetonaphthylene. The polymer block (C) may 
have either a structural unit comprising one of those aromatic vinyl compounds, or a structural unit comprising two or 
more of them. 

The olef inic compound capable of constituting the polymer block (C) includes, for example, olefins having from 2 to 
10 carbon atoms, and dienic hydrocarbon compounds. Concretely mentioned are ethylene, propylene, isobutylene, 
to pentene, hexene, octene, butadiene, isoprene, etc. Where the polymer block (C) has a constitutional unit comprising a 
dienic hydrocarbon such as butadiene or isoprene, it is preferably hydrogenated to have an olef inic form. 

Of those mentioned above, the polymer block (C) preferably comprises one or more of polymers of polystyrene, 
polyethylene, polypropylene, poly isobutylene, polybutene, polyisoprene and polybutadiene, and their hydrogenates, 
since the block copolymer (II) comprising such polymer blocks (C) is highly miscible with the thermoplastic elastic pol- 
ys ymer (I) to give a thermoplastic polymer composition with better mechanical properties and better melt adhesiveness. 

The polymer blocks (D) constituting the block copolymer (II) have a constitutional unit derived from at least one of 
(meth)acrylic compounds. Preferably, the polymer block (D) has the (meth)acrylic compound-derived constitutional unit 
in an amount of from 1 0 to 1 00 mol%, more preferably from 20 to 1 00 mol%, even more preferably from 30 to 1 00 mol% 
of all constitutional units constituting the polymer block (D). 
so If the amount of the (meth)acrylic compound-derived constitutional unit in the polymer block (D) is smaller than 10 
mol%, the melt adhesiveness of the thermoplastic polymer composition comprising such block copolymer (II) will tend 
to be poor. 

The (meth)acrylic compound constituting the polymer block (D) includes, for example, (meth)acrylic acid, 
(meth)acrylates, (meth)acrylonitrile and their derivatives. Concretely mentioned are acrylic acid, methacrylic acid, 

25 methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, dodecyl acrylate, 2-hydroxyethyl 
acrylate, methyl methacrylate, ethyl methacrylate, propyl methacrylate, butyl methacrylate, 2-ethylhexyl methacrylate, 
dodecyl methacrylate, 2-hydroxyethyl methacrylate, glycidyl acrylate, glycidyl methacrylate, dimethylaminoethyl acr- 
ylate, dimethylaminoethyl methacrylate, and their quaternary salts (e.g., hydrochlorides, p-toluenesulfonates, etc.), and 
also acrylonitrile and methacrylonitrile. The polymer block (D) may have a constitutional unit derived from one or more 

30 of those (meth)acrylic compounds. 

Preferably, the polymer block (D) has a constitutional unit derived from one or more of methyl methacrylate, ethyl 
acrylate, acrylic acid and acrylonitrile, in view of the melt adhesiveness and the shapability of the thermoplastic polymer 
composition comprising such block copolymer (II). 

As has been mentioned hereinabove, the polymer block (D) may have a constitutional unit derived from any other 

35 comonomer except (meth) acrylic compounds, preferably in an amount of not larger than 90 mol%, more preferably not 
larger than 80 mol%, even more preferably not larger than 70 mol%, in addition to the essential, (meth) acrylic com- 
pound-derived constitutional unit. 

The comonomer employable for the polymer block (D) includes, for example, aromatic vinyl compounds such as 
styrene, a-methylstyrene, p-styrenesulfbnic acid and its sodium salt and potassium salt; vinyl ester monomers such as 

40 vinyl formate, vinyl acetate, vinyl propionate, vinyl pivalate, vinyl butyrate, vinyl valerate, vinyl caprate, vinyl benzoate, 
vinyl trifluoroacetate; carboxyl-containing unsaturated monomers such as crotonic acid, cinnamic acid, itaconic acid, 
maleic acid; epoxy-containing unsaturated monomers such as glycidyl itaconate. allylglycidyl ether, 2-methylallylglyci- 
dyl ether, styrene-p-glycidyl ether. 3,4-epoxybutene, 3,4-epoxy-3-methyl-1-butene. 3,4-epoxy-3-methyl-1 -pentene, 5.6- 
epoxy-1 -hexene, vinylcyclohexene monoxide, p-glycidylstyrene; carboxyl anhydride-containing unsaturated monomers 

45 such as maleic anhydride, itaconic anhydride, citraconic anhydride, butenylsuccinic anhydride, tetrahydrophthalic anhy- 
dride, etc. 

Of those comonomers, the units as derived from vinyl ester monomers may be processed with acids or alkalis into 
vinyl alcohol units, which, of course, can be used in the invention. 

The polymer block (D) may have a constitutional unit derived from one or more of those comonomers. 
so Preferably, the polymer block (C) constituting the block copolymer (II) has a number-average molecular weight of 
from 300 to 100,000, more preferably from 2,500 to 50,000. The polymer block (D) constituting it preferably has a 
number-average molecular weight of from 1,000 to 100,000, more preferably from 2,000 to 50,000. Preferably, the 
number-average molecular weight of the block copolymer (II) falls between 1,300 and 200,000, more preferably 
between 4,500 and 100,000. 

55 The block copolymer (II) having a number-average molecular weight falling within the defined range as above is 
highly miscible with the thermoplastic elastic polymer (I), and gives, along with the polymer (I), a thermoplastic polymer 
composition with better mechanical properties and better melt adhesiveness. 

Methods for producing the block copolymer (II) are not specifically defined. For example, the block copolymer (II) 
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may be produced in the manner mentioned below. A monomer component to constitute the polymer block (C) [or poly- 
mer block (D)] is radical-polymerized in the presence of a thio-S-carboxylic acid or a compound having a thioester group 
and a mercapto group in the molecule such as 2-acetylthioethylthiol and 10-acetylthiodecanethiol, and the resulting pol- 
ymer is processed with an alkali such as ammonia or with an acid such as hydrochloric acid or sulfuric acid to make the 
5 polymer have a mercapto group at its one end. Next, in the presence of the thus-prepared polymer, a monomer com- 
ponent to constitute the polymer block (D) [or polymer block (C)] is radical-polymerized to prepare the block copolymer 
(II). According to this method, it is easy to efficiently prepare the block copolymer (II) having the intended number-aver- 
age molecular weight and molecular weight distribution. 

Where the thermoplastic polymer composition of the invention contains none of olefinic polymers and/or process 

10 oils, it comprises 1 00 parts by weight of the thermoplastic elastic polymer (I) and from 5 to 95 parts by weight, preferably 
from 20 to 70 parts by weight of the block copolymer (II). If the amount of the block copolymer (II) to be in the thermo- 
plastic polymer composition is smaller than 5 parts by weight relative to 1 00 parts by weight of the thermoplastic elastic 
polymer (I), the melt adhesiveness of the composition to polar materials is poor; but if it is larger than 95 parts by weight, 
the composition and products comprising it are too hard and have low strength and ductility. 

15 The thermoplastic polymer composition of the invention may contain at least one of olefinic polymers and process 
oils, in addition to the thermoplastic elastic polymer (I) and the block copolymer (II). Where the thermoplastic polymer 
composition additionally contains any of olefinic polymers and/or process oils, the additional component therein acts as 
a shapability improver to further improve the melt shapability of the composition. Therefore, containing the additional 
component, the thermoplastic polymer composition can be continuously molded into shaped articles through injection 

20 molding with high producibility without any trouble, and its melt adhesiveness is much more improved. 

As examples of the olefinic polymers, mentioned are polypropylene, polyethylene, and ethylene-a-olefin copoly- 
mers. As the process oils, employable is any of paraffinic process oils and naphthenic process oils. 

Where the thermoplastic polymer composition of the invention additionally contains any of olefinic polymers and/or 
process oils, it is desirable that the amount of the additional component to be in the composition is from 1 0 to 500 parts 

25 by weight relative to 100 parts by weight of the thermoplastic elastic polymer (I) to be in the composition. The amount 
indicates the total amount of the olefinic polymer and the process oil, where the thermoplastic polymer composition 
contains the two in combination. Where the thermoplastic polymer composition of the invention additionally contains 
any of olefinic polymers and/or process oils, it is also desirable that the composition contains from 5 to 95 parts by 
weight of the block copolymer (II) relative to 100 parts by weight of the total of the thermoplastic elastic polymer (I) and 

30 the additional component of olefinic polymers and/or process oils. If the amount of the additional component of olefinic 
polymers and/or process oils to be in the thermoplastic polymer composition is more than 500 parts by weight relative 
to 100 parts by weight of the thermoplastic elastic polymer (I) in the composition, the mechanical properties, such as 
strength and ductility of the composition are thereby worsened, often resulting in that the composition loses its elasticity. 
If desired, the thermoplastic polymer composition of the invention may further contain any other components such 

35 as styrenic resins, polyphenylene ether-type resins, low-molecular-weight polyethylene, and polyethylene glycol. If the 
thermoplastic polymer composition contains any of those optional components, it is desirable that the amount of the 
block copolymer (II) to be in the composition falls between 5 and 95 % by weight relative to the total of such optional 
components and the thermoplastic elastic polymer (I), in view of the mechanical properties, the melt adhesiveness and 
the shapability of the composition. 

40 In addition, the thermoplastic polymer composition of the invention may further contain, if desired, one or more 
other components, such as fillers (e.g., glass fiber, carbon fiber, talc, titanium oxide, calcium oxide), pigments, antioxi- 
dants, thermal aging inhibitors, ultraviolet absorbents, flame retardants, mold lubricants, defoaming agents and fra- 
grances, apart from the components mentioned hereinabove. 

Methods for preparing the thermoplastic polymer composition of the invention are not specifically defined. For pre- 

45 paring it, employable are any ordinary melt-kneading methods of uniformly mixing the thermoplastic elastic polymer (I), 
the block copolymer (II) and other additional and/or optional components. For this, generally employed are melt-knead- 
ing methods. To melt-knead those components, for example, used are melt-kneading devices such as single-screw 
extruders, double-screw extruders, kneaders, Bumbury mixers, etc. Using any of those devices, the components are 
kneaded generally at a temperature falling between 1 70 and 270° C or so for 3 to 30 minutes or so to give the thermo- 

so plastic polymer composition of the invention. 

The thermoplastic polymer composition of the invention can be shaped into various shaped articles by itself. The 
shaped articles of the thermoplastic polymer composition alone have high elasticity and flexibility and good mechanical 
properties. To shape the thermoplastic polymer composition, employable are any ordinary shaping methods that are 
generally used in shaping thermoplastic polymers. For example, employed is any desired method of injection molding, 
. 55 extrusion molding, compression molding, blow molding, calender molding or casting. 

In addition, the thermoplastic polymer composition of the invention has extremely good melt adhesiveness, and can 
firmly adhere in melt to various polar and non-polar materials (e.g., plastics, rubber, metal, wood, ceramics, paper, fab- 
ric, etc.) irrespective of the degree of the polarity, if any, of the materials. Therefore, the thermoplastic polymer compo- 
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sition is especially effectively used in producing laminates with any other materials. Accordingly, the present invention 
encompasses such laminates comprising a layer of the thermoplastic polymer composition of the invention and a layer 
of some other material. 

In those laminates, the other materials to be used are not specifically defined, and any and every desired material 
s is employable herein. In addition, in those, the number of the layers, and also the thickness, the shape and the structure 
of each layer are not also specifically defined, and can be suitably determined in accordance with the use of the lami- 
nates. 

Though not limitative, mentioned are some embodiments of the laminates of the invention, which include a laminate 
having one layer of the thermoplastic polymer composition and one layer of some other material; a laminate having two 

•to layers of the thermoplastic polymer composition between which is sandwiched a layer of some other material; a lami- 
nate having a layer of the thermoplastic polymer composition as sandwiched between layers of some other material; 
and a laminate having at least one layer of the thermoplastic polymer composition and having two or more layers of the 
same or different other materials. 

For the laminate having two or more layers of some other material, the material of each of those plural layers may 

is be the same or different. For the laminate having two or more layers of the thermoplastic polymer composition of the 
invention, the composition of each of those plural layers may be the same or different. 

Of the laminates of the invention, those comprising a layer of the highly elastic and flexible, thermoplastic polymer 
composition of the invention and a layer of a hard material are widely noticed as high value-added products having both 
the good properties of the thermoplastic polymer composition and those of the hard material, and are extremely useful. 

so As the hard material for those laminates, preferred are hard resins and/or metals having a modulus of bending elas- 
ticity of not smaller than 1000 kg/cm 2 as measured according to J IS K 7203. 

Though not limitative, the hard resins satisfying the above-mentioned requirement include, for example, styrenic 
resins such as polystyrenes, rubber-reinforced polystyrenes (HIPS resins), acrylonitrile-butadiene-styrene copolymers 
(ABS resins), acrylonitrile-styrene copolymers (AS resins), methyl methacrylate-styrene copolymers (MS resins), 

25 methyl methacrylate-butadiene-styrene copolymers (MBS resins); polyphenylene ether-type resins; acrylic resins such 
as polymethyl methacrylates; chlorine-containing vinylic resins such as polyvinyl chlorides, polyvinylidene chlorides, 
vinyl chloride-vinyl acetate copolymers, vinyl chloride-ethylene copolymers; olefinic resins such as polyethylenes, poly- 
propylenes; polycarbonate resins; polyester resins such as polyethylene terephthalates, polybutylene terephthalates, 
polyethylene naphthalates, polybutylene naphthalates; polyamide resins such as nylon 6, nylon 66, semi-aromatic 

so nylons; polysulfone resins, polyoxymethylene resins;, polyvinylidene fluoride resins, etc. 

The metallic materials include, for example, iron, aluminium, copper, and various alloys such as stainless steel, tin 
plates, galvanized steel sheets, etc. 

The present invention encompasses, as its one preferred embodiment, a laminate comprising a layer of one or 
more hard materials such as those mentioned above, and a layer of the thermoplastic polymer composition of the inven- 
ts tion, as laminated together through melt adhesion of the two. 

In addition, laminates comprising a layer of the thermoplastic polymer composition of the invention and a layer of 
soft material also have various applications, and are effectively used in various fields. Those laminates are also within 
the scope of the invention. The soft material includes, for example, various types of synthetic rubber, such as isoprene 
rubber, butadiene rubber, butadiene-styrene rubber, butadiene-acrylonitrile rubber, chloroprene rubber, butyl rubber, 

40 urethane rubber, silicone rubber, fluorine rubber, acrylonitrile rubber; and also various thermoplastic elastomers. One 
or more of those soft materials are employable herein. 

Methods for producing laminates comprising a layer of the thermoplastic polymer composition and a layer of some 
other material are not specifically defined. For producing them, employable is any and every known method of produc- 
ing ordinary laminates through melt adhesion. Of known methods, preferably used for smoothly producing the lami- 

45 nates of the invention is any of injection molding, extrusion molding, blow molding, calender molding, compression 
molding or casting. The preferred method is selected, depending on the type and the properties of the material to be 
laminated with the layer of the thermoplastic polymer composition, and also on the use and the type of the products to 
be produced. 

Where the laminates of the invention are produced through injection molding, employable is any of the following 
so methods, which, however, are not whatsoever limitative. One method comprises injecting a thermoplastic material 
except the thermoplastic polymer composition of the invention (for example, hard resin) into a first mold to prepare a 
first shaped article, then taking the first shaped article out of the first mold and inserting it into a second mold, into which 
a thermoplastic polymer composition of the invention is injected to produce an intended laminate. Another method com- 
prises preparing a first shaped article in the same manner as above in a first mold, then expanding the cavity of the first 
55 mold while the first shaped article is still therein, and thereafter injecting a thermoplastic polymer composition of the 
invention into the thus-expanded first moid to produce an intended laminate. In those injection molding methods, the 
order of injecting the two materials may be reversed, or that is, a thermoplastic polymer composition of the invention 
may be first injected into the first mold to prepare a first shaped article, and thereafter a different thermoplastic material 
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(for example, hard resin) is laminated over this through injection molding to obtain the intended laminate. In a still differ- 
ent manner, a thermoplastic polymer composition of the invention and a different thermoplastic material may be, either 
all at a time or one after another at a predetermined time interval, injected into one and the same mold to produce an 
intended laminate. 

5 On the other hand, where a laminate comprising a layer of the thermoplastic polymer composition of the invention 

and a layer of a different thermoplastic material is produced through extrusion molding, employable is a co-extrusion 
method of co-extruding the composition of the invention and the different thermoplastic material to give two or more lay- 
ers, while being welded together, through a split mold of which the inner and outer parts, or the upper and lower parts, 
or the left and right parts are divided into two or more for plural layers (precisely, through split extrusion dies). Where a 
10 non-thermoplastic material is combined with a thermoplastic polymer composition of the invention to produce lami- 
nates, the layer of the non-thermoplastic material is coated with the composition of the invention by melt-extruding the 
latter onto or around the former. 

Where laminates comprising a layer of the thermoplastic polymer composition of the invention and a layer of a dif- 
ferent material are produced through calender molding, a melt of the composition of the invention is calendered over 
is the different material which has been plasticized in melt or which is still in solid, and the two are laminated together. 

Where laminates are produced through compression molding, a melt of the thermoplastic polymer composition of 
the invention is pressed against a different material. 

The type, the shape, the structure and the use of the laminate of the invention are not specifically defined, and any 
and every laminate having a layer of the thermoplastic polymer composition of the invention and a layer of some other 
20 material, as mentioned hereinabove, is within the scope of the invention. 

Though not limitative, examples of the laminate of the invention include various parts of cars and trains such as 
instrument panels, center console boxes, door trims, pillars and assist grips; various construction materials such as 
doors and window frames; various parts of electric appliances such as switches and grips; packing materials for air 
shields; various joints; valve parts; plaster casts for medical use; and other various products. 
25 The laminates where the layer of a thermoplastic polymer composition of the invention is at least in one outermost 
surface have a soft and good feel, since the layer of the composition is elastic and flexible. In addition, since the lami- 
nates of that type have good shock absorbability (cushionability) and high impact resistance, they are highly safe in use. 

The thermoplastic polymer composition of the invention can firmly adhere in melt to various polar or non-polar 
materials irrespective of the degree of the polarity, if any, of the materials. As being characterized by such its good melt 
30 adhesiveness, the thermoplastic polymer composition can be effectively used as a hot-melt adhesive. Accordingly, the 
present invention encompasses a hot-melt adhesive comprising the thermoplastic polymer composition of the inven- 
tion. 

Though not limitative, where the hot-melt adhesive comprising the thermoplastic polymer composition of the inven- 
tion is used in bonding metal to metal, or metal to hard resin material, or hard resin material to hard resin material, or 
35 hard resin material to wood, the adhesive layer of the hot-melt adhesive functions also as a layer capable of absorbing 
shock and stress because of its good elasticity and flexibility. Accordingly, the adhesive layer can well absorb any exter- 
nal shock or stress applied thereto, or can well follow any external movement, without being broken. Thus having such 
a flexible and elastic structure, the adhesive layer can maintain its good adhesiveness. 

In its practical use for adhesion, the hot-melt adhesive of the invention can be in any form of films, sheets, rods, 
40 linear strips, pellets, and powders. 

In practically using the hot-melt adhesive of the invention for adhesion, employable are any conventional methods 
and devices that have heretofore been generally used for adhesion with ordinary hot-melt adhesives. 

EXAMPLES 

45 

Now, the invention is described in more detail with reference to the following Examples and Comparative Examples, 
which, however, are not intended to restrict the scope of the invention. In the following Examples and Comparative 
Examples, test samples were prepared according to the method mentioned below, and their physical properties were 
measured according to the methods also mentioned below. 

50 

Preparation of Test Samples: 

0.1 parts by weight of an antioxidant ("Irganox 1 01 0", manufactured by Ciba-Geigy AG) was added to 1 00 parts by 
weight of the thermoplastic polymer composition or the thermoplastic elastic polymer (I) used in each Example or Com- 
55 parative Example, and the resulting mixture was melt-kneaded through a double-screw extruder ("TEM35B", manufac- 
tured by Toshiba Machine Co.) at 230°C, and then injected into an injection-molding machine (manufactured by 
Sumitomo Machinery Co.) under an injection pressure of 50 kg/cm 2 , at an injection temperature falling between 180 
and 230°C. and at a mold temperature of 40°C, to prepare test pieces (size: length x width x thickness = 200 mm x 150 
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mm x 2 mm), which are for measuring and evaluating their tensile strength, tensile elongation, hardness and outward 
appearance. 

Measurement of Tensile Strength and Tensil e Elong ati on; 

5 

The tensile strength and the tensile elongation of the test samples prepared as above were measured according to 
JIS K6301. 

Measurement of Hardness: 

w 

The hardness of the test samples prepared above was measured according to JIS K 6301 (Method A). 
Evaluation of Outward Appearance of Shaped Articles: 

is The test samples (shaped articles) prepared above were visually observed. Those of which the surface was 
entirely smooth with no flow marks were ranked as "A"; those of which the surface was partly rough with some flow 
marks were ranked as "B"; and those of which the surface was entirely rough with many flow marks thereon were 
ranked as "C". 

20 Measurement of Peeling Strength: 

(1) A hard resin sheet (size: length x width x thickness = 200 mm x 150 mm x 1 mm) or a metal sheet (size: length 
x width x thickness = 200 mm x 150 mm x 0.2 mm) was previously set in the same mold as that used for preparing 
the test samples in the above, and the same melt mixture as that also used for preparing the test samples was 

25 injected thereinto under the same condition as above, to thereby prepare a laminate (size: length x width x thick- 
ness = 200 mm x 150 mm x 2 mm) having a layer of the thermoplastic polymer composition or a layer of the ther- 
moplastic elastic polymer (I) as laminated on one surface of the hard resin sheet or the metal sheet. 

(2) Test samples (size: length x width x thickness = 80 mm x 25 mm x 2 mm) were cut out of the laminate prepared 
in (1), and subjected to the "180 degree peeling test" of 315 K 6854 to measure the peeling strength of each sam- 

30 pie. 

Continuous Shapabilitv: 

The laminate as above was continuously produced, whereupon measured was the time before the shaped articles 
35 had flow marks on their surface, or before the shaped articles lost their surface smoothness, or before the shaped arti- 
cles became difficult to release from the mold resulting in that the continuous production of the articles became impos- 
sible. The laminate that had been continuously produced for 300 hours or longer was ranked as "A"; that having been 
continuously produced for longer than 100 hours but shorter than 300 hours was ranked as "B"; and that troubled in its 
continuous production within 100 hours was ranked as "C. 
40 The abbreviation of each thermoplastic elastic polymer (I) used in the following Examples and Comparative Exam- 
ples; the abbreviation of each hard resin constituting the hard resin sheet as used in producing the laminate in the fol- 
lowing Examples and Comparative Examples: and the abbreviation of each polar thermoplastic polymer (polar polymer) 
as used in the following Comparative Examples 4 to 7 are as follows: 

45 Thermoplastic Elastic Polymer (\Y 

SEPS ® : 

Hydrogenated tri-block copolymer of polystyrene block-polyisoprene block-polystyrene block (having a number- 
50 average molecular weight of 50,000; a styrene content of 1 3 % by weight, and a degree of hydrogenation at the polyiso- 
prene block of 98 %). 

SEPS © : 

55 Hydrogenated tri-block copolymer of polystyrene block-polyisoprene block-polystyrene block (having a number- 
average molecular weight of 100,000; a styrene content of 30 % by weight, and a degree of hydrogenation at the 
polyisoprene block of 98 %). 
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SEEPS CD : 

Hydrogenated tri-block copolymer of polystyrene block-isoprene/butadiene copolymer block-polystyrene block 
(having a number-average molecular weight of 50,000; a styrene content of 13 % by weight, a ratio by weight of iso- 
5 prene/butadiene of 70/30, and a degree of hydrogenation at the isoprene/butadiene copolymer block of 97 %). 

SEEPS ® : 

Hydrogenated tri-block copolymer of polystyrene block-isoprene/butadiene copolymer block-polystyrene block 
10 (having a number-average molecular weight of 200,000; a styrene content of 30 % by weight, a ratio by weight of iso- 
prene/butadiene of 40/60, and a degree of hydrogenation at the isoprene/butadiene copolymer block of 98 %). 

Hard Resin of Hard Resin Sheet : 
ABS: 

Acryionitrile/butadiene/styrene copolymer resin ("SYCOLAC EX1 11", manufactured by General Electric Co.) 

PP: 

Polypropylene resin ("J115G", manufactured by Ube Kosan Co.) 
PMMA : 

Methyl methacrylate resin ("Parapet L1225", manufactured by Kuraray Co.) 
PBT : 

Polybutylene terephthalate resin ("HAUZER R1 13", manufactured by Kuraray Co.) 
POM : 

Polyoxymethylene resin ("DURACON M90-44", manufactured by Polyplastic Co.) 

EC: 

Polycarbonate resin ("PANLITE GF" P manufactured by Teijin Ltd.) 
PPE : 

Polyphenylene ether resin ("NORYL 731", manufactured by General Electric Co.) 
PA66 : 

Nylon 66 resin ("LEON A 66, 1300S", manufactured by Asahi Chemical Co.) 
RV£: 

Polyvinyl chloride resin ("TH 800", manufactured by Kyodo Vinyl Chloride Co.) 
PVDF: 

Polyvinylidene fluoride resin ("VP 832", manufactured by Daikin Industrial Co.) 
55 PVDC : 

Polyvinylidene chloride resin (resin for Saran Wrap, manufactured by Asahi Chemical Co.) 

11 
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Polar Thermoplastic Polymer (polar polymer) : 
Polar polymer fa) ; 

5 Polyester-type thermoplastic elastomer ("GRILAX E120", manufactured by Dai-Nippon Ink Chemical Co.) 

Polar polvmer (b) : 

Thermoplastic elastic polymer having polyether blocks and polyamide blocks ("PEBAX 63333SA00", manufactured 
ro by Toray Co.) 

Polar polymer (c) : 

Polyurethane-type thermoplastic elastomer ("MIRACTOLAN E568", manufactured by Nippon Miractolan) 

75 

P o l a r p oly m e r ( d ): 

Ethylene/ethyl acrylate random copolymer ("DPDJ 6182", manufactured by Nippon Unicar Co.) 

20 Reference Example 1 [Production of block copolymer (11-1) (di-block copolymer of polystyrene block-polymethyl meth- 
acrytate block)] 

(1) 75 kg of styrene was fed into a 90-liter polymerizer, and heated in a nitrogen atmosphere until the inner temper- 
ature reached 90°C. After 30 minutes, 32 g of thio-S-acetic acid was added thereto, and a 7 wt.% solution of a rad- 

25 ical polymerization initiator, "V-65" (manufactured by Wako Pure Chemicals Co.) in toluene was added thereto at a 
flow rate of 430 ml/hr while a 6 wt.% solution of thio-S-acetic acid in toluene was thereto at a flow rate of 750 ml/hr, 
whereupon the polymerization of the monomer was initiated. Then, the polymerization was stopped just after the 
degree of polymerization (the degree of conversion into polymer) reached 40 %. and the contents of the polymer- 
izer were cooled. From the resulting viscous liquid, removed were the solvent and the non-reacted monomer. Thus 

30 was obtained polystyrene having a thio-S-acetate group at its one end and having a number-average molecular 
weight of 10,000. 

(2) 30 kg of polystyrene obtained in (1), 30 kg of toluene and 15 kg of butanol were fed into a 90-liter reactor, and 
153 ml of a 10 wt.% solution of sodium hydroxide in methanol was added thereto at 70°C, thereby interest erifying 
the terminal thio-S-acetate group of the polystyrene. After 2 hours, 30 g of acetic acid was added to the reactor to 

35 stop the reaction. The solvent was removed from the resulting reaction mixture to obtain mercapto-terminated pol- 
ystyrene. 

(3) 30 kg of methyl methacrylate, 48 kg of toluene, and 30 kg of the mercapto-terminated polystyrene that had been 
obtained in (2) were fed into a 200-liter polymerizer which was then fully purged with nitrogen at 90°C. Next, a 10 
wt.% solution in toluene of the same radical polymerization initiator as that used in (1) was fed into the polymerizer 

40 at a flow rate of 54 ml/hr to initiate the polymerization of the monomer. Then, the polymerization was stopped just 

after the degree of polymerization (the degree of conversion into polymer) reached 95 %. From the resulting reac- 
tion mixture, removed were the solvent and the non-reacted monomer. Thus was obtained a di-block copolymer of 
polystyrene block-polymethyl methacrylate block. This is hereinafter referred to as block copolymer (11-1). 

(4) In the block copolymer (11-1 ) obtained in (3), the number-average molecular weight of the polystyrene block was 
45 10,000, and that of the polymethyl methacrylate block was 1 1 ,000. The block copolymer (11-1) thus had a number- 
average molecular weight of 21 ,000, and its molecular weight distribution was 2.1 . 

Reference Example 2 [Production of block copolymer (II-2) (di-block copolymer of polystyrene block-ethyl acr- 
ylate/acrylic acid copolymer block)] 

50 

(1) Mercapto-terminated polystyrene was prepared in the same manner as in (1) and (2) of Reference Example 1 . 

(2) 28.5 kg of ethyl acrylate, 1 .5 kg of acrylic acid, 48 kg of toluene, and 30 kg of the mercapto-terminated polysty- 
rene that had been obtained in (1) were fed into a 200-liter polymerizer, which was then fully purged with nitrogen 
at 70°C. Next, a 2 wt.% solution in toluene of a radical polymerization initiator, "V-70" (manufactured by Wako Pure 

55 Chemicals Co.) was fed into the polymerizer at a flow rate of 270 ml/hr to initiate the polymerization of the mono- 
mer. Then, the polymerization was stopped just after the degree of polymerization (the degree of conversion into 
polymer) reached 95 %. From the resulting reaction mixture, removed were the solvent and the non-reacted mon- 
omer. Thus was obtained a di-block copolymer of polystyrene block-ethyl acrylate/acrylic acid copolymer block. 
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This is hereinafter referred to as block copolymer (ll-2). 

(3) In the block copolymer (II-2) obtained In (2), the number-average molecular weight of the polystyrene block was 
10,000, and that of the ethyl acrylate/acrylic acid copolymer block was 9,500. The block copolymer (II-2) thus had 
a number-average molecular weight of 19,500, and its molecular weight distribution was 2.1. In the ethyl acr- 
5 ylate/acrylic acid copolymer block in this, the molar ratio of ethyl acrylate/acrylic acid was 93/7. 

Reference Example 3 [Production of block copolymer (II-3) (di-block copolymer of polystyrene block-acrylonitrile/sty- 
rene copolymer block)) 

10 (1) Mercapto-terminated polystyrene was prepared in the same manner as in (1) and (2) of Reference Example 1 . 

(2) 22.5 kg of styrene, 7.5 kg of acrylonitrile, 48 kg of toluene, and 30 kg of the mercapto-terminated polystyrene 
that had been obtained in (1) were fed into a 200-liter polymerizer, which was then fully purged with nitrogen at 90° 
C. Next, a 10 wt.% solution in toluene of the same radical polymerization initiator as that used in Reference Exam- 
ple 1 was fed into the polymerizer at a flow rate of 200 ml/hr to initiate the polymerization of the monomer. Then, 

rs the polymerization was stopped just after the degree of polymerization (the degree of conversion into polymer) 
reached 95 %. From the resulting reaction mixture, removed were the solvent and the non-reacted monomer. Thus 
was obtained a di-block copolymer of polystyrene block-acrylonitrile/styrene copolymer block. This is hereinafter 
referred to as block copolymer (II-3). 

(3) In the block copolymer (II-3) obtained in (2), the number-average molecular weight of the polystyrene block was 
20 10,000, and that of the acrylonitrile/styrene copolymer block was 10,000. The block copolymer (II-3) thus had a 

number-average molecular weight of 20,000, and its molecular weight distribution was 2.1. In the acrylonitrile/sty- 
rene copolymer block in this, the molar ratio of acrylonitrile/styrene was 40/60. 

Reference Example 4 [Production of block copolymer (II-4) (di-block copolymer of polypropylene block-polymethyl 
25 methacrylate block)] 

(1) Polypropylene (Mitsubishi NOBLEN MH8, manufactured by Mitsubishi Chemical Co.) was fed into a double- 
screw extruder, and melt-kneaded and pyrolyzed therein at 420° C to prepare polypropylene having a double bond 
at its one end. 

30 (2) 100 parts by weight of the double bond-terminated polypropylene as obtained in (1), 1000 parts by weight of 
toluene, and 30 parts by weight of thio-S-acetic acid were put into a reactor, which was then fully purged with nitro- 
gen. Next, 10 parts by weight of 2,2-azobisisobutyronitrile was added thereto, and the compounds in the reactor 
were reacted at 80°C for 6 hours to prepare polypropylene having a thioacetyl group at its one end. 

(3) 60 parts by weight of the thioacetyl-terminated polypropylene obtained in (2) was dissolved in a mixed solvent 
35 comprised of 100 parts by weight of toluene and 20 parts by weight of n-butanol, to which was added 1 part by 

weight of 7 % solution of potassium hydroxide in butanol. Thus, the compounds were reacted at a reflux point of 
toluene in nitrogen for 6 hours to prepare mercapto-terminated polypropylene. 

(4) 50 parts by weight of the mercapto-terminated polypropylene as obtained in (3) was dissolved in 184 parts by 
weight of toluene, to which was added 42 parts by weight of methyl methacrylate. The monomer, methyl methacr- 

40 ylate was thus polymerized at 90° C in nitrogen, while adding thereto 1 ,1'-azobis(cyclohexane-1-carbonitrile) so 

that the rate of polymerization of the monomer might be about 10 % per hour, and the reaction was stopped just 
after the degree of polymerization reached 95 %. From the resulting reaction mixture, removed were the solvent 
and the non-reacted monomer. Thus was obtained a di-block copolymer of polypropylene block-polymethyl meth- 
acrylate block. This is hereinafter referred to as block copolymer (II-4). 

45 (5) In the block copolymer (II-4) obtained in (4), the number-average molecular weight of the polypropylene block 
was 13,000, and that of the polymethyl methacrylate block was 12,000. The block copolymer (II-4) thus had a 
number-average molecular weight of 25,000, and its molecular weight distribution was 2.5. 

Reference Example 5 [Production of block copolymer (II-5) (di-block copolymer of polyisobutylene block-polymethyl 
so methacrylate block)] 

(1) 210 parts by weight of isobutylene, 800 parts by weight of methylene chloride, 1200 parts by weight of methyl- 
cyclohexane, 6.5 parts by weight of 2-chloro-2,4,4-trimethylpentane, 0.98 parts by weight of 2,6-dimethylpyridine, 
and 3.5 parts by weight of pyridine were fed into a reactor, to which was added 12.3 parts by weight of titanium tet- 
55 rachloride, and reacted at -78°C for 4 hours to prepare polyisobutylene. 140 parts by weight of the thus-prepared 
polyisobutylene was dissolved in 6800 parts by weight of tetrahydrofuran, to which was added 280 parts by weight 
of potassium t-butoxide, and stirred under reflux for 20 hours to prepare polyisobutylene having a double bond at 
its one end. 
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(2) 100 parts by weight of the double bond-terminated polyisobutylene as prepared in (1), 200 parts by weight of 
toluene and 1 1 parts by weight of thio-S-acetic acid were put into a reactor, which was fully purged with nitrogen. 
Then, 1 part by weight of 2,2'-azobisisobutyronitrile was added thereto, and the compounds were reacted at 70°C 
for 1 hour to prepare polyisobutylene having a thioacetyl group at its one end. 

5 (3) 80 parts by weight of the thioacetyl-terminated polyisobutylene as obtained in (2) were dissolved in a mixed sol- 

vent comprised of 1 60 parts by weight of toluene and 40 parts by weight of methanol , to which was added 1 0 parts 
by weight of a 4 % solution of sodium hydroxide in methanol, and reacted in nitrogen at 65°C for 6 hours to prepare 
polyisobutylene having a mercapto group at its one end. 

(4) 50 parts by weight of the mercapto-terminated polyisobutylene as obtained in (3) was dissolved in 184 parts by 
io weight of toluene, to which was added 42 parts by weight of methyl methacrylate. The monomer, methyl methacr- 

ylate was thus polymerized at 90°C in nitrogen, while adding thereto 1 ,r-azobis(cyclohexane-1 -carbonitrile) so that 
the rate of polymerization of the monomer might be about 10 % per hour, and the reaction was stopped just after 
the degree of polymerization reached 95 %. From the resulting reaction mixture, removed were the solvent and the 
non-reacted monomer. Thus was obtained a di-block copolymer of polyisobutylene block-polymethyl methacrylate 
is block. This is hereinafter referred to as block copolymer (II-5). 

(5) In the block copolymer (II-5) obtained in (4), the number-average molecular weight of the polyisobutylene block 
was 8,000, and that of the polymethyl methacrylate block was 6,000. The block copolymer (II-5) thus had a number- 
average molecular weight of 14,000, and its molecular weight distribution was 2.0. 

20 Reference Example 6 [Production of block copolymer (II-6) (di-block copolymer of polyethylene block-polyethyl acrylate 
block)] 

(1) Polyethylene (HIZEX HD700F, manufactured by Mitsui Petrochemical Polyethylene Co.) was fed into a double- 
screw extruder, and melt-kneaded and pyrolyzed therein at 420°C to prepare polyethylene having a double bond at 

25 its one end. 

(2) 100 parts by weight of the double bond-terminated polyethylene as obtained in (1), 1000 parts by weight of tol- 
uene, and 30 parts by weight of thio-S-acetic acid were put into a reactor, which was then fully purged with nitrogen. 
Next, 10 parts by weight of 2,2'-azobisisobutyronitrile was added thereto, and the compounds in the reactor were 
reacted at 80° C for 6 hours to prepare polyethylene having a thioacetyl group at its one end. 

30 (3) 60 parts by weight of the thioacetyl-terminated polyethylene obtained in (2) was dissolved in a mixed solvent 
comprised of 100 parts by weight of toluene and 20 parts by weight of n-butanol, to which was added 1 part by 
weight of 7 % solution of potassium hydroxide in butanol. Thus, the compounds were reacted at a reflux point of 
toluene in nitrogen for 6 hours to prepare mercapto-terminated polyethylene. 

(4) 50 parts by weight of the mercapto-terminated polyethylene as obtained in (3) was dissolved in 184 parts by 
35 weight of toluene, to which was added 42 parts by weight of ethyl acrylate. The monomer, ethyl acrylate was thus 

polymerized at 70°C in nitrogen, while adding thereto 1,r-azobis(cyclohexane-1 -carbonitrile) so that the rate of 
polymerization of the monomer might be about 10 % per hour, and the reaction was stopped just after the degree 
of polymerization reached 95 %. From the resulting reaction mixture, removed were the solvent and the non- 
reacted monomer. Thus was obtained a di-block copolymer of polyethylene block-polyethyl acrylate block. This is 
40 hereinafter referred to as block copolymer (II-6). 

(5) In the block copolymer (H-6) obtained in (4), the number-average molecular weight of the polyethylene block was 
6,000, and that of the polyethyl acrylate block was 5,000. The block copolymer (II-6) thus had a number-average 
molecular weight of 1 1 ,000, and its molecular weight distribution was 2.5. 

45 Reference Example 7 [Production of block copolymer (II-7) (di-block copolymer of polypropylene block-ethyl acr- 
ylate/acrylic acid copolymer block)] 

(1) Mercapto-terminated polypropylene was prepared in the same manner as in (1), (2) and (3) of Reference Exam- 
ple 4. 

so (2) 48.5 parts by weight of ethyl acrylate, 1.5 parts by weight of acrylic acid, and 50 parts by weight of mercapto- 
terminated polypropylene as obtained in (1) were dissolved in 150 parts by weight of toluene at 90° C in a reactor, 
which was then fully purged with nitrogen. Next, a 2 wt.% solution in toluene of a radical polymerization initiator, "V- 
65" (manufactured by Wako Pure Chemicals Co.) was added thereto at a flow rate of 2 ml/hr to initiate the polym- 
erization of the monomer. Then, the polymerization was stopped just after the degree of polymerization (the degree 

55 of conversion into polymer) reached 95 %. From the resulting reaction mixture, removed were the solvent and the 
non-reacted monomer. Thus was obtained a di-block copolymer of polypropylene block-ethyl acrylate/acrylic acid 
copolymer block. This is hereinafter referred to as block copolymer (II-7). 

(3) In the block copolymer (II-7) obtained in (2), the number-average molecular weight of the polypropylene block 



14 



BNSDOCID: <EP. 



.08631 B4A1 \ > 



I 



■ * 

EP0 863 184A1 

was 12,000, and that of the ethyl acrylate/acrylic acid copolymer block was 10,000. The block copolymer (II-7) thus 
had a number-average molecular weight of 22,000, and its molecular weight distribution was 3.3. In the ethyl acr- 
ylate/acrylic acid copolymer block in this, the molar ratio of ethyl acrylate/acrylic acid was 96/4. 

5 Reference Example 8 [Production of block copolymer (II-8) (di-block copolymer of polypropylene block-acrylonitrile/sty- 
rene copolymer block)] 

(1) Mercapto-terminated polypropylene was prepared in the same manner as in (1), (2) and (3) of Reference Exam- 
ple 4. 

io (2) 37.5 parts by weight of styrene, 12.5 parts by weight of acrylonitrile, and 50 parts by weight of the mercapto- 
terminated polypropylene as obtained in (1) were dissolved in 150 parts by weight of toluene at 90° C in a reactor, 
which was then fully purged with nitrogen. Next, a 2.3 wt.% solution in toluene of a radical polymerization initiator, 
"V-65" (manufactured by Wako Pure Chemicals Co.) was added thereto at a flow rate of 2 ml/hr to initiate the polym- 
erization of the monomer. Then, the polymerization was stopped just after the degree of polymerization (the degree 

15 of conversion into polymer) reached 95 %. From the resulting reaction mixture, removed were the solvent and the 
non-reacted monomer. Thus was obtained a di-block copolymer of polypropylene block-acrylonitrile/styrene copol- 
ymer block. This is hereinafter referred to as block copolymer (II-8). 

(3) In the block copolymer (II-8) obtained in (2), the number-average molecular weight of the polypropylene block 
was 12,000, and that of the acrylonitrile/styrene copolymer block was 8,000. The block copolymer (II-8) thus had a 
20 number-average molecular weight of 20,000, and its molecular weight distribution was 3.2. In the acrylonitrile/sty- 
rene copolymer block in this, the molar ratio of acrylonitrile/styrene was 40/60. 

Examples 1 to 8 

25 (1) As the thermoplastic elastic polymer (I), used herein was SEPS CD (hydrogenated tri-block copolymer of poly- 
styrene block-polyisoprene block-polystyrene block). 100 parts by weight of SEPS (j) was mixed with 43 parts by 
weight of any one of the block copolymers (ll-l) to (11-8) that had been obtained in Reference Examples 1 to 8. To 
100 parts by weight of the resulting mixture, added was 0. 1 parts by weight of an antioxidant, "Irganox 1010" (man- 
ufactured by Ciba-Geigy AG) to prepare a thermoplastic polymer composition. Using this, prepared were test sam- 

30 pies according to the method mentioned hereinabove. Ttieir tensile strength, tensile elongation and hardness were 
measured and their outward appearance was checked, according to the methods also mentioned hereinabove. The 
results obtained are shown in Table 1 below. 

(2) An ABS resin sheet was used herein as a hard resin sheet to be previously set in a mold. According to the 
method mentioned hereinabove, formed was a laminate having an ABS resin layer and a layer of the thermoplastic 

35 polymer composition prepared herein. Test samples were cut out of this laminate, and their peeling strength was 
measured according to the method mentioned hereinabove. The data obtained are shown in Table 1 . 

Comparative Examples 1 to 3 

40 Test samples were prepared in the same manner as in Examples 1 to 8, except that SEPS ® was used alone (in 
Comparative Example 1) or that 3 parts by weight (in Comparative Example 2) or 100 parts by weight (in Comparative 
Example 3) of the block copolymer (11-1) prepared in Reference Example 1 was added to 100 parts by weight of SEPS 
d). Their tensile strength, tensile elongation and hardness were measured and their outward appearance was checked, 
according to the methods mentioned hereinabove. In addition, also in the same manner as in Examples 1 to 8, lami- 

45 nates were formed and test samples were cut out of them, and their peeling strength was measured according to the 
method mentioned hereinabove. The data obtained are shown in Table 1. 

Comparative Examples 4 to 7 

so Test samples were prepared in the same manner as in Examples 1 to 8 using SEPS 0 as the thermoplastic elastic 
polymer (I), except that 43 parts by weight of any one of the polar polymers (a) to (d), in place of the block copolymer 
(II), was added to 100 parts by weight of SEPS ®. Their tensile strength, tensile elongation and hardness were meas- 
ured and their outward appearance was checked, according to the methods mentioned hereinabove. In addition, also 
in the same manner as in Examples 1 to 8, laminates were formed and test samples were cut out of them, and their 

55 peeling strength was measured according to the method mentioned hereinabove. The data obtained are shown in Table 
1. 
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The data in Table 1 above verify that the laminate samples of Examples 1 to 8, which are composed of a layer of 
the thermoplastic polymer composition of the invention comprised of 100 parts by weight of the thermoplastic elastic 
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polymer (I) (SEPS ®) and from 5 to 95 parts by weight of the block copolymer (II), and a layer of the ABS resin sheet, 
have an extremely large peeling strength between the two layers. Accordingly, it is known from those data that in Exam- 
ples 1 to 8 where the thermoplastic polymer composition of the invention is laminated with ABS resin through melt 
adhesion, smoothly obtained are high-quality laminates with no interlayer peeling. 

5 In addition, the data in Table 1 further verify that, in Examples 1 to 8 using the thermoplastic polymer composition 

of the invention, obtained are shaped articles of high quality having good mechanical properties such as tensile 
strength and tensile elongation, having good flexibility and elasticity and having good outward appearance. 

As opposed to those, it is known from the data in Table 1 that the laminates of Comparative Examples 1 to 3, for 
which was used only the thermoplastic elastic polymer (I) not combined with the block copolymer (II) in Comparative 

10 Example 1 or was used a thermoplastic polymer composition comprising the block copolymer (II), of which the amount 
was outside the defined scope of from 5 to 95 parts by weight, in Comparative Examples 2 and 3, have poor peeling 
strength. It is known therefrom that, in those comparative samples, the melt adhesiveness between the thermoplastic 
resin layer and the ABS resin layer is not good. 

In addition, it is further known from the data in Table 1 that the peeling strength of the laminates of Comparative 

is Examples 4 to 7, in which a thermoplastic polymer composition as prepared by adding any one of the polar polymers 
(a) to (d), in place of the block copolymer (II). to the thermoplastic elastic polymer (I) was laminated with an ABS resin 
sheet, is much lower than that of the laminates of Examples 1 to 8. Thus, it is known that in those Comparative Exam- 
ples 4 to 7, the melt adhesiveness of the thermoplastic polymer composition used to ABS resin is poor. Moreover, it is 
also known that the tensile elongation of the samples of Comparative Examples 4 to 7 is much smaller than that of the 

20 samples of Examples 1 to 8 while the hardness of the former is higher than that of the latter, or that is, the former sam- 
ples are less flexible and less elastic than the latter samples. Further, the outward appearance of the samples of Com- 
parative Examples 4 to 7 is bad. Thus, it is known that in those Comparative Examples 4 to 7, high-quality articles could 
not be obtained. 

25 Examples 9 to 14 

As the thermoplastic elastic polymer (I), herein used was any one of SEPS © (hydrogenated tri-block copolymer 
of polystyrene block-polyisoprene block-polystyrene block), SEEPS (D (hydrogenated tri-block copolymer of polysty- 
rene block-isoprene/butadiene copolymer block-polystyrene block) and SEEPS (g) (hydrogenated tri-block copolymer 

30 of polystyrene block-isoprene/butadiene copolymer block-polystyrene block). 100 parts by weight of the thermoplastic 
elastic polymer (I) was mixed with 43 parts by weight of any of the block copolymer (11-1) or (II-4) as prepared in Refer- 
ence Example 1 or 4. Using the resulting mixture, prepared were test samples and laminates in the same manner as in 
Examples 1 to 8. Test samples were cut out of those laminates. Those test samples prepared herein were tested to 
measure and evaluate their physical properties, in the same manner as in Examples 1 to 8, and the results obtained 

35 are shown in Table 2 below. 

Comparative Examples 8 to 1 1 

Test samples and laminates were prepared in the same manner as in Examples 9 to 14, except that SEPS ©, 
40 SEEPS (D or SEEPS @ was used alone (in Comparative Examples 8 to 10) or that 3 parts by weight of the block 
copolymer (11-1) as prepared in Reference Example 1 was mixed with 100 parts by weight of SEEPS Q) (in Comparative 
Example 1 1). Test samples were cut out of those laminates. Those test samples prepared herein were tested to meas- 
ure and evaluate their physical properties, in the same manner as in Examples 1 to 8, and the results obtained are 
shown in Table 2. 
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The data in Table 2 above verify that the laminate samples of Examples 9 to 14, which are composed of a layer of 
the thermoplastic polymer composition of the invention comprised of 100 parts by weight of the thermoplastic elastic 
polymer (I) (SEPS ©, SEEPS <D or SEEPS ©) and from 5 to 95 parts by weight of the block copolymer (11-1) or (II- 
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4), and a layer of the ABS resin sheet, have an extremely large peeling strength between the two layers. 

In addition, the data in Table 2 further verify that, in Examples 9 to 1 4 using the thermoplastic polymer composition 
of the invention, obtained are shaped articles of high quality having good mechanical properties such as tensile 
strength and tensile elongation, having good flexibility and elasticity and having good outward appearance. 

5 As opposed to those, it is known from the data in Table 2 that the laminates of Comparative Examples 8 to 1 1 , for 

which was used only the thermoplastic elastic polymer (I) combined with neither the block copolymer (11-1 ) nor the block 
copolymer (II-4) in Comparative Examples 8 to 10 or was used a thermoplastic polymer composition comprising the 
block copolymer (11-1), of which the amount was smaller than 5 parts by weight in Comparative Example 1 1 , have poor 
peeling strength. It is known therefrom that, in those comparative samples, the melt adhesiveness between the thermo- 

10 plastic resin layer and the ABS resin layer is not good. 

Examples 1 5 to 34 

(1) As the thermoplastic elastic polymer (I), used herein was SEPS ©. 100 parts by weight of SEPS @ was mixed 
15 with 43 parts by weight of any one of the block copolymer (II-2) or (II-4) that had been obtained in Reference Exam- 
ple 2 or 4. To 1 00 parts by weight of the resulting mixture, added was 0.1 parts by weight of an antioxidant, "Irganox 
1010" (manufactured by Ciba-Geigy AG) to prepare a thermoplastic polymer composition. 

(2) As the hard resin sheet to be previously set in a moid, used was a sheet of the hard resin shown in Table 3 
below. According to the method mentioned hereinabove, formed were laminates having a layer of the hard resin 

20 shown in Table 3 and a layer of the thermoplastic polymer composition prepared in (1). Test samples were cut out 
of those laminates, and their peeling strength was measured according to the method mentioned hereinabove. The 
data obtained are shown in Table 3. 
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Table 3 



Examples 


Hard Resin 
Sheet (type 
of resin) 


Block Copol- 
ymer 


Peeling 
Strength 
(kg/25 mm) 


Examples 


Hard Resin 
Sheet (type 
of resin) 


Block Copol- 
ymer 


Peeling 
Strength 
(kg/25 mm) 


Example 15 


PP 


II-2 


3.4 


Example 25 


PPE 


II-2 


4.6 


Example 1 6 


1 1 -4 


5.8 


Example 26 


II-4 


5.0 


Example 17 


PMMA 


II-2 


3.5 


Example 27 


PA66 


II-2 


3.2 


1 Example 18 


II-4 


4.5 


Example 28 


II-4 


5.0 


Example 19 


PBT 


1 1-2 


3.8 


Example 29 


PVC 


II-2 


3.7 


Example 20 


11-4 


4.7 


Example 30 


II-4 


5.2 


Example 21 


POM 


11-2 . 


4.1 


Example 31 


PVDF 


II-2 


3.5 


Example 22 


11-4 


4.9 


Example 32 


II-4 


5.1 


Example 23 


PC 


11-2 


3.4 


Example 33 


PVDC 


1 1 -2 


4.1 


Example 24 


M-4 


4.0 


Example 34 


II-4 


5.0 



The data in Table 3 verify that the thermoplastic polymer composition of the invention firmly adheres in melt to var- 
ious polar or non-polar hard resins, irrespective of the degree of the polarity, if any, of the resins, and that, using the 
thermoplastic polymer composition of the invention, it is possible to smoothly form laminates comprising a layer of the 
composition and a layer of a different material. The laminates thus formed have large interlayer adhesion strength 
so between the layers with no interlayer peeling therebetween. 

Example? 35 tQ 4$ 

(1) Various thermoplastic polymer compositions were prepared in the same manner as in (1) of Examples 1 5 to 34. 
55 (2) Any of the metal sheets shown in Table 4 was previously set in a mold. According to the method mentioned 
hereinabove, formed were laminates having a layer of the metal sheet shown in Table 4 and a layer of the thermo- 
plastic polymer composition prepared in (1). Test samples were cut out of those laminates, and their peeling 
strength was measured according to the method mentioned hereinabove. The data obtained are shown in Table 4. 
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Table 4 



Fyamnloc 


Motal Shoot 


Rlnrk f^nnnl- 

UlUvr\ vUjJUl 

ymer 


Pool inn 
■ con ty 

Strength 
(kg/25 mm) 


LiAQI I lyjt CO 


Motal Ah pot 


Rlnr*lc fionnl- 

ymer 


Pool inn 
i cci 1 1 ty 

Strength 
(kg/25 mm) 


Example 35 


Stainless 
steel 


M-2 


3.8 


Example 41 


copper 


II-2 


4.2 


Example 36 


11-4 


4.2 


Example 42 


IM 


4.8 


Example 37 


Iron 


11-2 


4.1 


Example 43 


Tin plate 


II-2 


4.1 


Example 38 


11-4 


4.5 


Example 44 


II-4 


4.7 


Example 39 


Aluminium 


11*2 


4.0 


Example 45 


Galvanized 
steel 


II-2 


4.1 


Example 40 


11-4 


4.8 


Example 46 


II-4 


4.5 



10 



15 



20 



The data in Table 4 verify that the thermoplastic polymer composition of the invention firmly adheres in melt to var- 
ious metals, and that, using the thermoplastic polymer composition of the invention, it is possible to smoothly form lam- 
inates comprising a layer of the composition and a layer of metal. The laminates thus formed have large interlayer 
adhesion strength between the layers with no interlayer peeling therebetween. 



Examples 47 to 53 

25 Test samples and laminates were prepared in the same manner as in Examples 1 to 8, except that SEPS © was 
used as the thermoplastic elastic polymer (I) and that 100 parts by weight of SEPS @ was mixed with any one of the 
block copolymers (11-1) to (II-6) that had been prepared in Reference Examples 1 to 6, and polypropylene, "MA4" (man- 
ufactured by Mitsubishi Chemical Co.) as in Table 5 below, along with 120 parts by weight of process oil. Test samples 
were cut out of those laminates. Those test samples prepared herein were tested to measure and evaluate their phys- 

30 ical properties, in the same manner as in Examples 1 to 8, and the results obtained are shown in Table 5. 

Comparative Examples 12 and 13 

Test samples and laminates were prepared in the same manner as in Examples 47 to 53, except that the block 
35 copolymer (II) was not added (in Comparative Example 12) or that 265 parts by weight of the block copolymer (11-1) was 
added (in Comparative Example 13). Test samples were cut out of those laminates. Those test samples prepared 
herein were tested to measure and evaluate their physical properties, in the same manner as in Examples 1 to 8, and 
the results obtained are shown in Table 5. 

40 
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55 
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55 

The data in Table 5 verify that the addition of polyolef ins, such as polypropylene, and process oil to the thermoplas- 
tic polymer composition comprising the thermoplastic elastic polymer (I) and the block copolymer (II) is effective in 
improving the melt adhesiveness of the composition to hard resins such as ABS and in improving the peeling strength 
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of the laminates comprising the layer of the composition. 
Examples 54 to 57 

Test samples and laminates were prepared in the same manner as in Examples 1 to 8, except that any one of 
SEPS (J), SEEPS ® and SEEPS @ was used as the thermoplastic elastic polymer (I) and that 100 parts by weight of 
the thermoplastic elastic polymer (I) was mixed with the block copolymer (II-2) as prepared in Reference Example 2, 
along with polypropylene, "MA4" (manufactured by Mitsubishi Chemical Co.) and process oil as in Table 6 below. Test 
samples were cut out of those laminates. Those test samples prepared herein were tested to measure and evaluate 
their physical properties, in the same manner as in Examples 1 to 8, and the results obtained are shown in Table 6. 

Comparative Examples 1 4 to 1 8 

Test samples and laminates were prepared in the same manner as in Examples 54 to 57, except that the block 
copolymer (II-2) was not added (in Comparative Examples 14, 17 and 18) or that 3 parts by weight or 265 parts by 
weight of the block copolymer (II-2) was added (in Comparative Examples 15 and 16). Test samples were cut out of 
those laminates. Those test samples prepared herein were tested to measure and evaluate their physical properties, in 
the same manner as in Examples 1 to 8, and the results obtained are shown in Table 6. 



Table 6 





Examples 


Comparative Examples 




54 


55 


56 


57 


14 


15 


16 


17 


18 


Formulations 




















SEPS <3) (wtpts.) 


100 














100 




SEEPS <D (wtpts.) 




100 














100 


SEEPS © (wtpts.) 




m 


100 


100 


100 


100 


100 






Block Copolymer (I I -2) 




















Amount added (wtpts) 


114 


114 


103 


114 


0 


3 


265 


0 


0 


Polypropylene (wtpts.) 


20 


20 


20 


45 


20 


20 


20 


20 


20 


Process Oil (wtpts) 


120 


120 


120 


120 


120 


120 


120 


120 


120 


Physical Properties 




















Tensile Strength (kg/cm 2 ) 


38 


72 


75 


100 


71 


74 


28 


42 


75 


Tensile Elongation (%) 


1500 


1200 


1100 


1000 


1100 


1100 


310 


1600 


1250 


Hardness 


38 


45 


55 


65 


42 


42 


80 


37 


43 


Outward Appearance 


A 


A 


A 


A 


A 


A 


C 


A 


A 


Continuous Shapability 


A 


A 


A 


A 


A 


A 


C 


A 


A 


Peeling Strength (kg/25 mm) 


4.6 


4.9 


5.6 


5.5 


0.7 


0.8 


1.1 


1.5 


1.1 



The data in Table 6 verify that, in Examples 54 to 57 using the thermoplastic polymer composition of the invention, 
obtained are shaped articles of high quality having good mechanical properties such as tensile strength and tensile 
elongation, having good flexibility and elasticity and having good outward appearance. In those Examples, the continu- 
ous shapability of the articles is good and their producibility is also good. 

As opposed to those, it is known from the data in Table 6 that the laminates of Comparative Examples 14, 17 and 
18, for which was used a thermoplastic polymer composition not containing the block copolymer (II-2), those of Com- 
parative Example 15, for which was used a thermoplastic polymer composition containing the block copolymer (II-2) but 
in which the amount of the block copolymer (II-2) added was smaller than 5 parts by weight, and those of Comparative 
Example 16, for which was used a thermoplastic polymer composition containing 265 parts by weight of the block 
copolymer (11-2) and in which the amount of the block copolymer (11-2) added was outside the defined scope of the 
invention, all have poor peeling strength. It is known therefrom that, in those comparative samples, the melt adhesive- 
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ness between the thermoplastic resin layer and the ABS resin layer is not good. 

* 

Examples 58 to 77 

5 (1) As the thermoplastic elastic polymer (I), used herein was SEEPS @. 100 parts by weight of SEEPS <§) was 

mixed with 1 1 4 parts by weight of any one of the block copolymer (II-2) or (II-4) that had been obtained in Reference 
Example 2 or 4, along with 20 parts by weight of polypropylene, "MA4" (manufactured by Mitsubishi Chemical Co.) 
and 120 parts by weight of process oil, to which was added 0.1 parts by weight of an antioxidant, "Irganox 1010" 
(manufactured by Ciba-Geigy AG). Thus was prepared a thermoplastic polymer composition. 

10 (2) As the hard resin sheet to be previously set in a mold, used was a sheet of the hard resin shown in Table 7 
below. According to the method mentioned hereinabove, formed were laminates having a layer of the hard resin 
shown in Table 7 and a layer of the thermoplastic polymer composition prepared in (1). Test samples were cut out 
of those laminates, and their peeling strength was measured according to the method mentioned hereinabove. The 
data obtained are shown in Table 7. 

15 



Table 7 



Examples 


Hard Resin 
Sheet (type 
of resin) 


Block Copol- 
ymer 


Peeling 
Strength 
(kg/25 mm) 


Examples 


Hard Resin 
Sheet (type 
of resin) 


Block Copol- 
ymer 


Peeling 
Strength 
(kg/25 mm) 


Example 58 


PP 


II-2 


5.2 


Example 68 


PPE 


11-2 


4.6 


Example 59 


II-4 


5.1 


Example 69 


11-4 


5.1 


Example 60 


PMMA 


II-2 


4.8 


Example 70 


PA66 


11-2 


4.5 


Example 61 


II-4 


5.1 


Example 71 


11-4 


5.8 


Example 62 


PBT 


II-2 


4.3 


Example 72 


PVC 


11-2 


3.2 


Example 63 


II-4 


5.1 


Example 73 


11-4 


5.9 


Example 64 


POM 


II-2 


4.4 


Example 74 


PVDF 


11-2 


4.9 


Example 65 


II-4 


4.9 


Example 75 


11-4 


5.5 


Example 66 


PC 


II-2 


4.6 


Example 76 


PVDC 


11-2 


4.8 


Example 67 


II-4 


4.9 


Example 77 


11-4 


5.2 



The data in Table 7 verify that the thermoplastic polymer composition of the invention firmly adheres in melt to var- 
ious polar or non-polar hard resins, irrespective of the degree of the polarity, if any, of the resins, and that, using the 
40 thermoplastic polymer composition of the invention, it is possible to smoothly form laminates comprising a layer of the 
composition and a layer of a different material. The laminates thus formed have large interlayer adhesion strength 
between the layers with no interlayer peeling therebetween. 

Examples 78 to 89 

45 

(1) Various thermoplastic polymer compositions were prepared in the same manner as in (1) of Examples 58 to 77. 

(2) Any of the metal sheets shown in Table 8 was previously set in a mold. According to the method mentioned 
hereinabove, formed were laminates having a layer of the metal sheet shown in Table 8 and a layer of the thermo- 
plastic polymer composition prepared in (1). Test samples were cut out of those laminates, and their peeling 

so strength was measured according to the method mentioned hereinabove. The data obtained are shown in Table 8. 



55 
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Table 8 



5 


UACII 1 IfJICO 


Mot a I .^hoot 


ymer 


Pool inn 

Strength 
(kg/25 mm) 


Fvamnloc 
c Act II ifjleo 


IVItJldl OMcfcJl 


ymer 


Paolinn 

r cciiny 

Strength 
(kg/25 mm) 




Example 78 


Stainless 
steel 


II-2 


4.8 


Example 84 


Copper 


II-2 


5.1 


10 


Example 79 


II-4 


5.1 


Example 85 




II-4 


5.2 


Example 80 


Iron 


II-2 


4.3 


Example 86 


Tin plate 


1 1 -2 


4.8 




Example 81 




II-4 


5.2 


Example 87 




II-4 


5.1 




Example 82 


Aluminium 


II-2 


5.2 


Example 88 


Galvanized 
steel 


II 2 


4.7 


15 


Example 83 




1 1 -4 


5.1 


Example 89 


II-4 


5.1 



The data in Table 8 verify that the thermoplastic polymer composition of the invention firmly adheres in melt to var- 
ious metals, and that, using the thermoplastic polymer composition of the invention, it is possible to smoothly form lam- 
20 inates comprising a layer of the composition and a layer of metal. The laminates thus formed have large interlayer 
adhesion strength between the layers with no interlayer peeling therebetween. 

Claims 

25 1 . A thermoplastic polymer composition comprising; 

(1) 100 parts by weight of at least one thermoplastic elastic polymer (I) selected from block copolymers having 
polymer blocks (A) consisting essentially of an aromatic vinyl compound and polymer blocks (B) consisting 
essentially of a conjugated diene compound, and their hydrogenates, and 
30 (2) from 5 to 95 parts by weight of a block copolymer (II) having polymer blocks (C) consisting essentially of at 

least one compound selected from aromatic vinyl compounds and olef inic compounds, and polymer blocks (D) 
having a constitutional unit derived from at least one of (meth)acrylic compounds. 

2. The thermoplastic polymer composition as claimed in claim 1, in which the (meth)acrylic compound to constitute 
35 the polymer block (D) is at least one of (meth)acrylic acid, (meth)acrylates, (meth)acrylonitrile and their derivatives. 

3. A thermoplastic polymer composition comprising; 

(i) 

40 

(1 ) at least one thermoplastic elastic polymer (I) selected from block copolymers having polymer blocks (A) 
consisting essentially of an aromatic vinyl compound and polymer blocks (B) consisting essentially of a 
conjugated diene compound, and their hydrogenates, 

(2) a block copolymer (II) having polymer blocks (C) consisting essentially of at least one compound 
45 selected from aromatic vinyl compounds and olefinic compounds, and polymer blocks (D) having a consti- 
tutional unit derived from at least one of (meth)acrylic compounds, and 

(3) at least one of olefinic polymers and process oils; said composition being characterized in that; 

(ii) it contains from 5 to 95 parts by weight of the block copolymer (II), relative to 1 00 parts by weight of the total 
so of the thermoplastic elastic polymer (I) and at least one selected from olefinic polymers and process oils, and 

(iii) it contains from 10 to 500 parts by weight of at least one of olefinic polymers and process oils, relative to 
100 parts by weight of the thermoplastic elastic polymer (I). 

4. The thermoplastic polymer composition as claimed in claim 3, in which the (meth)acrylic compound to constitute 
55 the polymer block (D) is at least one of (meth)acrylic acid, (meth)acrylates, (meth)acrylonitrile and their derivatives. 

5. A laminate comprising a layer of the thermoplastic polymer composition of any one of claims 1 to 4 and a layer of 
some other material. 
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The laminate as claimed in claim 5, in which the other material is at least one selected from metals and hard resins. 
A hot-melt adhesive comprising the thermoplastic polymer composition of any one of claims 1 to 4. 
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